Manufacturing firms increasingly engage in service trade activities. Microlevel data show that German manufacturers account for roughly 25% of German cross-border producer service exports. I have found that particular construction, engineering, and R&D services are exported. The machinery industries and automobile and chemicals producers dominate the overall pattern. The types of services exported vary strongly across industries. Furthermore, export activities are concentrated on a few large exporters. Service exports of advertising, data processing, and R&D services are found to likely support foreign affiliates of firms. However, these headquarter services are only infrequently observable. Much more important are construction and engineering services exported by machinery firms. These might represent installation and maintenance services exported to complement the supply of machinery. Beyond the support of foreign affiliates of firms, R&D services exports might be also important to transfer knowledge between unaffiliated firms at different stages of the value chain.
Introduction
Services trade has become an increasingly important issue in economic literature. On the one hand, this is due to its increasing economic importance. In 2007, the share of services in GDP in the OECD had grown to roughly 75%. Furthermore, cross-border trade of services accounted for about 20% of total trade and amounted to $ 3.3 trillion in 2007 (Francois and Hoekman, 2010) . This development makes service trade liberalization a potential source of economic welfare gains. Hence, there are several efforts to organize trade liberalization, for instance, in the negotiations on the "General Agreement on Trade in Services" (GATS) (WTO, 2011) or the EU-Service-Directive (EU, 2006) . This process should be guided by profounded academic advice that can be provided only with a deeper understanding of the services trade. On the other hand, empirical research is facilitated through the increasing quality of empirical data in recent years. The time span of available data, the level of disaggregation, and the completeness of the information is increasing and allows a deeper understanding of existing services trade relationships. This may allow for the development of more sophisticated services trade models in the future.
For future empirical research, in particular, the linkages between the manufacturing and services sectors in economies and the consequences for international trade will be an important issue. For instance, Daniels (2000) emphasizes that there are very dynamic links and synergies between service and manufacturing activities in an economy, which are, however, hardly analyzed and understood in the context of international trade. Regarding the manufacturing sector, Preissl (2007) points out that services play an increasing role for manufacturers as inputs in the production and organisation processes, but are important also as outputs. Escaith (2008) supports this notion and states that the share of services in total trade would increase from 20% to nearly 50% if trade was measured in terms of direct and indircet value added. Gage and Lesher (2005) even summarize that it becomes more and more difficult to categorize firms either as manufacturers or service firms, because services became so important in the entire value-added chain.
The existing international trade literature dealing with the interrelationship of manufacturing and services mainly focuses on services as inputs, which can be both imported and sourced domestically. In particular, the access to high quality business services are found to be important for competitiveness of both manufacturers and services firms (e.g., Francois and Wörz, 2008; Nordas, 2010; Wolfmayr, 2008) . Furthermore, Debaere et al. (2010) find that the availability of local services to Irish firms may facilitate their access to international material input markets. Following this reasoning, manufacturers should mainly appear as services importers in trade data. However, Kelle and Kleinert (2010) find that manufacturers are also often services exporters. They show in their firm level analysis using services trade micro data of the Deutsche Bundesbank that producer services export activities in Germany are often carried out by manufacturing firms. These accounted for about 25% of cross-border export volumes in their sample for 2005. I have found in a comparable set of producer services that the share of manufacturing firms in total cross-border exports was especially high for R&D services (80%), engineering (75%), and construction services (70%).
1 Total services exports of manufacturers amounted to nearly 30 billion Euros in 2005.
2 Altogether, the service exports from manufacturing firms increased by roughly 75% between 2001 and 2005 in Germany, while cross-border imports increased by only 6% and goods exports by about 25% during this period. Obviously, service exports became increasingly important for the manufacturing sector. Nevertheless, both the theoretical and empirical literature dealing with service exports of manufacturers is relatively sparse. One explanation to observe manufacturers that sell both goods and services, highlighted by Horn and Shy (1996) , is the bundling of goods and services. They point out that firms might bundle goods with complementary services to enhance the perceived value of the products firms are selling or to differentiate their products from competitors. This idea is, for instance, supported by an analysis of Stille (2003) , who examines service activities of the German machinery and electrics industries. He reports that it has become quite common in these industries that firms provide several complementary services to their products like installation, maintenance of products, or the provision of electronic systems to use them. Those complementary services accounted for about 20% of the sales in these two industries in 2000. Additionaly, a further increase of this share was expected to occur, because complementary services were perceived as a growing source of competitive advantage of firms. Thus, the ability to provide highquality complementary services to exported goods could be an important source of international competitiveness of manufacturers.
A second motive for manufacturers to provide services in foreign countries might be the support of foreign affiliates. Those services are often denoted as headquarter services in the literature. They play an important role in the well-known knowledge-capital model, for instance, in Markusen (2002) . In this model, multinational enterprises (MNEs) decide where to locate headquarter and production units. Knowledge-capital serves as a public good internal to the firm and is transferred to foreign affiliates. Examples of this knowledge-capital are patents or trademarks sustained by R&D. Furthermore, firms may transfer organizational capabilities to 1 The group of engineering services includes engineering, architectural, maintenance, and technical support services. Construction services account also for installation and assembly services, which are likely particularly important for manufacturing firms. Table 9 in the Appendix provides a complete list of all services regarded. 2 The total volume of service exports by German firms from all sectors amounted to roughly 100 billion Euros in 2005. 3 The strong increase of exports was particularly driven by engineering services, which were showing a volume more than three times larger in 2005 than in 2001.
their affiliates to coordinate and plan activities in different markets or support production and distribution. These activities may show up as trade in management or advertising services or, more generally, as business services (e.g., Davies, 2005; Godart et al., 2009) .
Beyond these two motives, many further ways in which service export activities of manufacturers can be explained might be considered. For instance, firms could also be diversified suppliers of both goods and services. In this case the goods and services supply of firms are likely independent from each other.
4 Despite the large variety of possible motives for manufacturers to export services, these have thus far only been scarcely analyzed with firm level trade data in the international trade literature.
5 However, it might be useful to obtain a deeper understanding of these activities of firms for at least three reasons. First, understanding the links between service and manufacturing activities of firms might be important to obtain a deeper knowledge about the ways firms operate in modern international markets. Second, in a next step be, this might used to identify relevant service trade barriers that affect firms and the costs and benefits to reduce them. The more important service activities are for manufacturers, the more promising are the efforts to facilitate international trade with services. Third, analyzing service exports of manufacturers might also contribute to a deeper understanding of the determinants of the international competitiveness of firms. The more products are bundled with complementary services, the more important is the ability to provide these services to foreign customers to be competitive in international markets (Horn and Shy, 1996) .
The goal of the present paper is to show first insights into the cross-border service export activities of German manufacturers and, in particular, to raise questions and important issues for future research. To conduct the analysis, I use a firm level service trade dataset for German firms from the Deutsche Bundesbank for 2005, which contains service trade transactions from the Balance of Payments Statistics (BoPS). I combine this data with information about foreign manufacturing and distribution affiliates of firms from the Micro Database Direct Investment (MiDI) and industry level goods trade data from Eurostat (2009) . 6 The analysis is carried out in two steps. First, I describe the data and show the types of services exported by manufacturers, the industries involved, which services are important in the respective industries, and how firm heterogeneity affects the pattern of service exports. Second, I analyze the possible motives that might be driving the services export activities 4 Bernard et al. (2009) and Mayer et al. (2011) develop theoretical frameworks that can explain the operation of multi-product or multi-service firms in international markets. 5 Lennon (2009) finds with sector level trade data that there is a complementary relationship between goods and services trade flows between countries. 6 I exclude foreign affiliate sales of services from the anaylsis, which represent Mode 3 exports in the GATS and were generally available in the MIDI dataset, and focus on cross-border exports (WTO, 2011) . On the one side, this is to facilitate the analysis, while on the other side, it is because affiliate sales of manufacturers appear to be very scarce for the regarded services. See Section 2 for more details about the data. of firms. To do this, I first show how and to what extent the observable pattern is related to foreign affiliates of firms. Then I apply a regression analysis and analyze both the service export participation decision of firms and the intensive margin of service sales. This aims at identifying the relationship of service export activities with foreign affiliates sales of firms in the destination countries and goods trade of industries. Analyzing these relationships will be helpful to uncover potential driving forces of services exports and to obtain a basic idea of whether services are rather exported as headquarter, complementary services or other reasons.
I find that R&D, construction, and engineering services are the most important types of services exported. These service exports are mostly conducted by a few high-tech industries; most important are the machinery sectors and automobile and chemicals producers. The kind of services exported varies strongly across the different industries. Beyond the large industry impacts on trade patterns, I have found pronounced firm level heterogeneity. A few large traders strongly dominate the overall exports. Generally, I find that data processing, advertising, and R&D services represent likely headquarter services. However, headquarter services play a rather minor role in explaining service export activities of firms. Most service exports are conducted independent of foreign affiliates of firms. Instead, I have found some evidence that machinery firms might export complementary installation and maintenance services to exported products. Furthermore, R&D services exports presumingly often have the function to support the international knowledge flow between firms. However, the presented evidence about the role of complementary and R&D services is only weak due to data limitations. Further research is necessary to obtain more precise results.
The rest of the paper is organized as follows: Section 2 presents some details about the dataset used and its construction. Section 3 provides descriptive statistics about the types of services exported, the different manufacturing industries conducting them, and characteristics of exporting firms, and discusses possible motives to export services. Section 4 analyzes important determinants of service exports of manufacturers in a regression analysis. Section 5 concludes and summarizes issues for future research.
Construction of the Dataset
The dataset is constructed by merging two firm-level datasets of the Deutsche Bundesbank. These contain nearly the entire population of German service traders. The first dataset records service transactions between residents and non-residents, collected to compile the BoP-Statistics. For every service transaction between a German resident firm and a non-resident, with a value higher than 12,500 Euros, firms report to the Deutsche Bundesbank their sector classification, the partner country for the transaction, the classification of the transaction they conducted, and the value of the transaction (Deutsche Bundesbank, 2009 ). The annual data are available for the period from 2001 to 2010. These service transactions in the BoP-Statistics include the three GATS modes 1, 2, and 4, defined by the WTO (2011).
7 These three modes cannot be distinguished in the dataset, because only the transactions, their value, and the type of service are collected in the data. Thus, I summarize all of these transactions in the category cross-border exports.
Every reporting firm in the BoP-Statistics has been given a firm identifier from the Bundesbank. The same identifier is used in the MIDI (Micro Database Direct Investment) dataset. The MIDI dataset provides a detailed breakdown of the foreign assets and liabilities of German multinational firms abroad and German affiliates of foreign multinational firms (Lipponer, 2009) .
8 The database contains information on all foreign affiliates of German multinational firms. The comprehensive database includes the balance sheet data of foreign affiliates, including their sales, employment, and total assets in each of over 180 destinations. It also includes information on both the sector of activity of the parent firm and the affiliate at the NACE rev-1 two-or three-digit level, and covers activities between 1989 and 2009.
I use the MIDI dataset to account for the manufacturing and distribution affiliates of firms. The manufacturing affiliates are classified the same way as the German manufacturing parents, as presented in Table 2 . Furthermore, I classifiy all affiliates with the Nace-code 500 ("sales, repair of motor vehicles"), 510 ("wholesale trade") or 520 ("retail trade") as distribution affiliates. Furthermore, the MIDI dataset provides information about service affiliate sales of firms. These are generally used to account for service exports through commercial presence, which is mode three in the GATS definition. Hence, combining the BoP-data and the MIDI gives a dataset with comprehensive information about service trade activities of German firms in all four GATS modes.
I aggregate the service transactions from the BoPS to eleven service categories, which mainly include producer services.
9 The first seven sectors are at the Nace rev-1 two-digit level: construction, transport, auxiliary transport, post & telecommunications, insurance, data processing, and R&D services. I split up the four business services into management services, engineering, advertising, and personnel services using the three-digit level classification. Table 9 in the Appendix gives an 7 Mode 1 contains cross-border trade transactions. Both the supplier and the consumer of the service stay in their home country and interact, for instance, through the Internet or the post and telecommunication infrastructure. Mode 2 includes service trade transactions when consumers move abroad and consume a service in the foreign country. Mode 4 transactions are cases in which a service supplier moves temporarily abroad as a natural person and provides a service to a foreign customer. 8 German foreign direct investment is defined as direct or indirect ownership or control by a single German entity of at least ten percent of the voting rights or capital shares of an incorporated foreign firm or the equivalent interest in an unincorporated foreign firm. 9 This facilitates the handling of the different service activities collected in the BoPS and comparing the analyzed services with other datasets like the MIDI dataset.
overview of the kind of services included in the different categories and how these match the classification of services in both datasets.
I only use data for 2005 throughout the entire paper and restrict the sample to manufacturing firms. There are 1,625 German manufacturers in the sample that sell services abroad either through cross-border or foreign affiliate sales in 2005. These firms account for 15,273 observations at the firm-service-country level for cross-border producer service exports and 91 for foreign service affiliate sales. Thus, foreign affiliate sales represent only 0.6% of the observations. Overall, cross-border exports of manufacturers amount to 28.0 billion Euros and foreign affiliate sales total 5.2 billion Euros.
10 In the following, I restrict the sample to cross-border sales and denote them as services exports. On the one side, this facilitates the analysis.
11 On the other side, foreign service affiliates are economically less important for German manufacturers in the underlying sample. Dropping the firms with only service affiliate sales reduces the number of firms to 1,612. These account for 15,273 cross-border export observations.
Descriptive Statistics
The following section provides deeper insights into the service export activities of German manufacturers by collecting stylized facts. First, I show the types of services exported and their relative importance for the manufacturing sector. Second, I examine the industry affiliation of exporters and how export sales differ across industries. The third subsection combines these two perspectives and analyzes the importance of different services for different industries. In the fourth subsection, I describe different dimensions of firm level heterogeneity. Finally, I analyze the impact of foreign affiliates on the types of services exported and briefly discuss the results.
Types of Services exported
To obtain a better understanding of the services trade activities of manufacturers, it is useful to look at the different types of services that firms are exporting. As already mentioned in the data description, the sample contains eleven types of producer services. Table 1 shows the relative importance of these different services for service 10 The latter comprise mainly data processing (1.4 billion Euros), auxiliary transport (1.3 billion Euros), and R&D (1.0 billion Euros). Note that I have dropped nearly 1,000 firms that are classified as holding companies, but that could be assigned to a group of manufacturing firms. These firms show foreign service affiliates sales of 2.8 billion Euros but no cross-border exports of services. 11 The motives of firms to set up a foreign affiliate might be different compared to cross-border service sales. For instance, the affiliate could provide services to the parent firm, which would display some kind of outsourcing activities of firms. exports of manufacturers. The first column presents the number of cross-border export observations for the different types of services. The second column shows the share of the observations in the total number of observations. Columns three and four provide the same information for export sales. I find that construction services are exported most frequently, with a share of 27.3% on total observations (column two).
12 The second most important service exported are engineering services (18.7%), followed by R&D (14.5%) and management services (12.4%). Considering export sales instead of the number of observations, I find R&D exports dominating, with a share of 29.0% on export sales (column four). The second most important services type is engineering services (24%), and the third most important category is construction services (21%). These three types of services account for nearly 75% of the 28.0 billion Euro service exports. Advertising and, in particular, management services are relatively more important when the number of observations is regarded, but they show only rather small volumes of sales.
Furthermore, I have found that transport, post & telecom and insurance services are hardly exported at all by manufacturers. The latter might be a little bit surprising, because activities like transporting goods, for instance, are directly related to international activities of manufacturers. One explanation for this could be that the BoPS do not account for some services. Stille (2003) reports that in the case of sold machinery, only for about 50% of the sales were the product and the additionally provided services billed separately in 2000. However, if complementary services were not billed separately from the product price, these would not appear in the BoPs data. Thus, the data likely underestimate services exports of firms.
Industries exporting
The present subsection investigates the industry affiliation of service exporters and their contribution to service exports. To assign firms to the different industries, I use the sector classification of the firms in the dataset on the Nace-rev 1 two-digit level. Table 2 shows the number of German firms in the different industries (column one) with more than 20 employees in 2005. The data are from the Statistical Yearbook (2007) . Column two presents the number of firms exporting services from at least one of the eleven services categories in the sample. Columns three and four contain each industry's share of the total number of service exporters and the volume of cross-border service exports. The ratio of service exporters to the total number of firms in the industry (service export participation ratio) is displayed in column five. Table 2 shows the industries with at least 20 service exporting firms. Most of the 1,612 service exporting firms come from the machinery and equipment industry, with a share of 35% (column three), followed by the chemical industry, with 10% of firms and the instruments producers (9.0%).
13 With respect to the volume of exports (column four), the electrical machinery producers dominate with a share of 19.7%, followed by the automobile industry (18.9%), the machinery and equipment (15.2%), the chemicals industry (14.1%), and the "other transport equipment" industry (12.7%). These five industries account for about 80% of the services exports.
The Statistical Yearbook (2007) shows that these five industries also dominate goods exports of the German manufacturing sector. They account for about 70% of the foreign sales of goods produced in Germany by the manufacturing sector.
14 This points to a positive relationship between the international goods and service export activities of industries. Furthermore, these five industries can be classified as high-tech industries (e.g., Hatzichronoglou, 1997) , which implies that service exports might be more important for knowledge-intensive industries. This presumption is supported by two facts. First, the relative share of services exports on goods exports, calculated from the data of the Statistical Yearbook (2007), is 5.5% in these hightech industries, but only 2.7% on average for the remaining industries. Second, the service export participation ratio (column five) is 9.2% for the five industries, but only 2.4% for the rest. Altogether, only a few German manufacturers sell services abroad. The average service exporter participation ratio is 4.2% (column five).
15 Wagner (2007) states for a comparable sample of German manufacturers with more than 20 employees that roughly 60% of the firms exported goods in 2004. This ratio is much larger than the service export participation. Obviously, even many goods exporting firms do not export any services at all. However, the underlying BoP-Statistics likely underreported the true volume of service exports and exporters as already stated above.
Types of Services exported by Industry
So far, I have highlighted the dominance of R&D, engineering and construction services in exports, and I found that a few high-tech industries account for the majority of service export activities of manufacturers. The following subsection analyzes whether there is heterogeneity across different industries concerning the kind of services exported. Table 3 shows the three most important services exported by a given manufacturing industry. I display results for the total sample of manufacturers and for the five most important industries that I highlighted above. The second column shows the type of service with the largest share on total service exports of the firms in the respective industries, which are given in column eight. The third column shows its share in exports of this industry. Columns four to seven give the same information for the second and third most important services.
Generally, table 3 shows that the types of services exported are obviously strongly shaped by the individual activities of the respective industries. In the machinery and equipment industry (line three), you see mainly construction service exports, with a share of 62% of total service exports (columns two and three). Together with engineering services (columns four and five), these account for roughly 85% of the export sales. In the electric machinery sector (line four), next the dominating construction and engineering services, I have found relatively large data processing exports. The share of 10.7% in cross-border exports is still small, but much larger than for the entire sample of firms (3.7%). These findings confirm the observations of Stille (2003) . He states that installation, maintenance, and other technical support services are important services provided by the machinery and electrics industries. These are likely represented in the BoPS data by construction and engineering services, but they are not clearly identifiable because of the data aggregation.
16 Furthermore, he finds that providing the software needed to use the exported machines or training the staff that uses the software is particulary important in the electric machinery sector. This is in line with finding the data processing service exports by this industry.
The automobile industry's service export activities (line five) are dominated by R&D services, with a share of around 80%. The transfer of technological knowledge concerning production procedures or the design of motor vehicles seem to be important for the international activities of this industry. The "other transport equipment" industry (line six) provides mostly auxiliary transport services. Further disaggregating the data shows that the repairing of transport vehicles, which reside in Germany to be repaired, can primarily be found here.
17 Logistic services and other supporting activities are less important. In all industries, engineering services play an important role, in particular in the chemical industry (line two). Obviously, transferring technological knowledge and know-how to foreign customers by providing engineering and technical consultancy services is a widespread activity of German manufacturers.
Altogether, the findings of different types of services exported by industries suggests that the service trade barriers for firms might differ across industries. One source for these differences are the different modes of supply that used to provide the respective services. Construction and engineering services might mainly rely on mode four transactions because workers and engineers need to travel abroad to install or maintain exported machines, for instance. R&D services, however, could be often provided through mode one, because the results of research can be more easily transferred through the post & telecom infrastructure. Auxiliary transport services mainly represent mode two transactions, when foreign transport firms use domestically provided repairing services.
18 Thus, different industries might be affected completely differently by service trade liberalization agreements in the GATS, because these distinguish the different modes of service supply (e.g., Francois and Hoekman, 2010 ).
Firm level Heterogeneity 3.4.1 Large and Small Firms
So far, I have shown that industry characteristics strongly influence the pattern of service exports by manufacturers. However, the international trade literature states that beyond industrial characteristics, firm or within-industry heterogeneity is more important to explain the trade pattern (e.g., Eaton et al., 2004) . One important result is that trade is strongly dominated by few large trading firms. This evidence can be found also for services trade (e.g., Breinlich and Criscuolo, 2011; Kelle and Kleinert, 2010) . Table 4 gives information about the heterogeneity of 17 These activities are collected within the KNZ 560 in the BoPS (Deutsche Bundesbank, 2009 German manufacturing service exporters related to the size of their export activities. I add up total service exports at the level of the firm and rank the firms in the ten deciles depending on the volume of their sales.
The first important result is that there is very pronounced concentration of export activities. The firms in the 10th decile, which are the 10% largest firms, account for 91% of total service exports (columns one and two).
19 Second, columns three and four show that the concentration is driven by both extensive margins. The number of countries a firm is serving is on average 6.8 (column three) and the number of service types a firm is exporting is 1.9 (column four). Both margins strongly increase from the 1st to the 10th decile.
20 Obviously, manufacturing firms that export services are strongly internationalized. This suggests that these belong also to the dominating goods exporters in their industries. Unfortunately, I am not able to analyze this because there is thus far no possibility to combine the underlying service trade data with goods trade data at the firm level. Table 4 shows that 339 of the exporting firms had at least one manufacturing affiliate in 2005 (column five). Thus, roughly 20%, 339 out of 1,612, of the service exporters are manufacturing MNEs. Regarding the distribution of MNEs over the different deciles reveals that the MNEs are relatively equally distributed in the ten deciles. Obviously, not only MNEs dominate service exports. This may indicate that 19 The large concentration can also be found when single industries are considered. The share of sales of firms in the 10th decile ranges from 77% in the machinery & equipment industry to 97% for the automobiles and electric machinery producers. 20 The intensive margin is contributing even more to the concentration and is on average nearly 350 times larger for firms in the 10th compared to the 1st decile. also the so called small-and medium-sized enterprises (SMEs), which are found to play an important role for the strong performance of Germany in goods exports, are among the largest service exporters. 21 Nevertheless, column six reveals that the larger service exporters have on average much more manufacturing affiliates than the smaller ones.
Service Exporting and Non-Exporting MNEs
The previous section highlighted that only a few service exporters are also manufacturing MNEs. This raises the question how many of the German MNEs export services at all. I have found in the MIDI dataset that 1,177 manufacturers had at least one foreign manufacturing affiliate in 2005. However, only 30% of them, 339 out of 1,117, are exporters of services as well.
22 Thus, many manufacturing MNEs do not export any services at all. This fact appears to contradict the theory of multinational firms, which states that international knowledge and capability transfer between the headquarter and the production units of a firm are an essential part of the international business of MNEs. However, this result should be interpreted with caution, because headquarter services might not appear in the data. For instance, it could be that affiliates do not pay the headquarter for providing headquarter services and, consequently, these services do not appear in the data.
Beyond these limitations of the data to capture the real economic relations, I have found that service exporting MNEs show larger foreign activities through affiliates than non-exporters. Table 5 gives insights into the size of different foreign activities of MNEs that export services (line one) and firms that do not (line two). It shows that, on average, the service exporters have nearly three times more manufacturing affiliates than non-exporters (column one), which is mainly driven by having affiliates in more countries (column two). Furthermore, these firms also show three times more distribution affiliates (column three). Obviously, large MNEs with affiliates in many countries are more likely also services exporters than smaller MNEs.
3.5 What are Motives to export Services?
The Impact of Manufacturing and Distribution Affiliates in the Destination
In the following section, I analyze how the types of services exported are affected by foreign affiliates of firms. This may help to identify which role headquarter services play in explaining services exports and which services might represent them. I account for manufacturing and distribution affiliates of firms because both are economically relevant.
In general, the number of observations in which a firm exports a service to a country with a foreign affiliate is rather small compared to the cases in which the firm has no affiliate. I have found that firms have a manufacturing affiliate in the destination country for only about 12% of the 15,273 observations. Distribution affiliates of firms appear in only 9% of the observations. 23 Altogether, for nearly 85% of the observations, firms show neither a distribution nor a manufacturing affiliate abroad. Obviously, supporting a foreign affiliate is often not the motive for service exports of a firm. Nevertheless, the volume of service export sales is on average larger when firms have a foreign affiliate abroad. The roughly 15% of observations with an affiliate account for nearly 30% of the total service sales.
Although affiliates are scarce, they might be affecting firms' behavior. Table 6 gives some insights into the impact of foreign affiliates in a destination on the types of services exported. It is constructed in a similar manner as Table 3 and displays again the three most important services exported per industy, but it shows the share on the number of observations instead of the share on the sales. Furthermore, the observations are distinguished by whether or not a firm has an affiliate in the country to which it exports.
24 This allows us to check whether having an affiliate abroad induces specific types of service exports. I distinguish three scenarios: (i) whether a firm has a manufacturing affiliate, (ii) whether it has a distribution affiliate, or (iii) whether it has no affiliate in the destination. I neglect observations with both manufacturing and distribution affiliates because this approach allows me to account for different effects of different types of foreign affiliates.
To analyze the impact of foreign affiliates on the types of services exported, it is useful to compare the observations with no foreign affiliate with the observations with a foreign affiliate for the respective industries. Table 6 shows that in the chemistry industry, the three most frequently exported types of services when firms have no foreign affiliate are R&D, management, and personnel services (line three). Considering instead the observations with a manufacturing affiliate (line one) reveals that data processing services are exported relatively more frequently. When firms have distribution affiliates (line two), advertising services appear more often. This indicates that providing software to affiliates might be a relevant service provided by a headquarter to production facilities. Advertising services might instead aim at supporting the distribution of goods, which would be quite intuitive.
In the machinery and equipment industry, I find that firms most frequently export construction, engineering, and R&D services when they have no foreign affiliate in the destination (line six). The pattern for the observations with affiliates is quite similar. However, I find that data processing services are relatively more important when firms have a distribution affiliate abroad (line five) and R&D services for observations with a manufacturing affiliate (line four). Very similar results can be found for the electric machinery industry. Here, firms export R&D services almost more frequently when they have a manufacturing affiliate abroad (line seven). Furthermore, they export data processing services more frequently when they have a distribution or manufacturing affiliate (lines seven and eight). Without any affil-iate (line nine), firms export construction, engineering, and management services most frequently. These results indicate that in particular R&D services are used to provide knowledge to foreign production facilities and software or data processing services to support both the distribution and production of products.
In the automobile industry, we find that firms most frequently export R&D services, followed by advertising and engineering services when they show no foreign affiliates in the destination (line twelve). Compared to these observations, I have found that advertising services are exported relatively more often when firms have a distribution affiliate abroad (line eleven). R&D services are exported more frequently when firms have a manufacturing affiliate (line ten). This supports the notion that R&D services might be used to support foreign production of goods particularly while advertising services often support foreign distribution. However, advertising services also seem to be relevant when firms have no foreign distribution affiliate for automobile firms.
Altogether, foreign affiliates are relatively scarce and are potentially driving only a small volume of service exports of firms. Nevertheless, they positively affect both the volume of exports and the extensive margin for some types of services like data processing, R&D, and advertising services.
Discussion
The previous analysis provided a lot of descriptive information about service export activities of firms. In the present subsection, I summarize some of the evidence to formulate more specific and to determine motives and activities of firms might be driving the observable service exports of firms. This aims at supporting a deeper analysis of the determinants of service exports in the subsequent regression analysis.
First of all, the analysis so far has shown that services likely have very different functions in the international business of firms. The types of services exported vary strongly across different industries. Thus, accounting for the pronounced industry heterogeneity is an important issue to understand the activities of firms. Furthermore, some kinds of services represent headquarter services, while others seem to be independent of foreign affiliates. Hence, it is important to analyze different types of services separately, because these might represent economically different activities of firms.
The last section suggested that, in particular, data processing, R&D, and advertising services might represent, at least partially, headquarter types of services. R&D services obviously support foreign production of firms whereas advertising services aim at supporting the distribution of products. Data processing services seem to be relevant for both types of affiliates.
Beyond its role as a headquarter service, R&D services exports seem to represent further activities of firms. Table 6 reveals that they are the most frequently exported type of service for observations with no foreign affiliate for either the chemistry or automobile industry (lines three and twelve). This suggests that there might be further driving forces for R&D service exports than manufacturing affiliates. Generally, R&D services represent, to a large extent, the transfer of knowledge and information. This exchange of information can potentially be important for firms at different stages of the fragmented value chain of products. In particular, when firms sell or buy intermediate products, it might be important that buyer and supplier share information about the design of products, for instance.
25 Thus, the firm's imports and exports of goods could generally be accompanied by R&D service sales of firms.
Surprisingly, management services also often appear when firms have no foreign affiliate, in particular, in the chemistry industry (line three). This indicates that these services have further functions than supporting foreign affiliates of firms, which would have been an intuitive interpretation. Thus, it might be important to analyze the relationship of management service exports with other activities of firms, like exporting goods, to find further explanations to observe these types of service exports.
Finally, I have found that the large share of observations of service exports without a foreign affiliate of firms in the destination can be assigned to a large extent to the two machinery industries (lines six and nine). Table 6 shows that these account for nearly 50% of the total observations without a foreign affiliate. These are strongly dominated by construction and engineering types of services. The evidence presented so far indicates that these services might be representing installation, maintenance services, and other technical support, which could be provided complementary to exported machinery. Thus, these services exports should show a positive relationship with goods exports of machinery firms to the same country. Unfortunately, it is not possible to combine the service trade data from the Deutsche Bundesbank with goods trade data at the firm level. To identify whether, for instance, construction services are, at least potentially, complements to exported machinery, I use goods trade data at the industry level. The following section shows how it is applied in a regression analysis of the service exports of manufacturers.
Regression Analysis
The descriptive statistics gave some ideas about the determinants of the service export pattern of manufacturers. One main result was that service exports are only slighty related to foreign affiliates of firms. However, some types of services like advertising, data processing, and R&D services seem to represent indeed, at least partially, headquarter services. In particular, installation and maintenance services of machinery firms, are more likely to represent complementary services. Altogether, services exports may have very different functions in the international business of firms.
In the following regression analysis, I intend to analyze three issues. First, I check whether the potential headquarter services show a positive relationship with foreign affiliates of firms and whether I can identify difference types of headquarter services. Some might be supporting production whereas others support the distribution of goods. Second, I examine whether I find a positive relationship between the potential complementary services and goods exports. Third, I analyze if there might be further motives to export services identifiable by analyzing the relationship of services exports with a large share of potential explanatory variables. I begin the analysis by describing the applied estimation approach and then present the results and briefly discuss them.
Estimation Approach
I examine the service export behavior of firms with two different estimation approaches. First, I estimate the service export market entry decision of firms to find out what determines whether a firm exports services to a country or not. I account for all manufacturers in the sample and assume that every firm could potentially export a service to any country. I analyze this discrete choice with a probit estimation. The discrete choice variable on the left-hand side of the estimation equation is equal to zero if a firm does not export services to the country, and it is one, if the firm does.
Second, I go one step further and examine the determinants of the intensive margin of service sales with OLS methods. Variables that show significant effects for the intensive margin should be particularly important, because the intensive margin describes firm behavior more deeply within a particular country. I use the aggregated sales at the firm-service-country level and regress them on the explanatory variables, which I introduce below, using the OLS method. I account for the same variables in both regression approaches. Altogether, I expect that these affect the participation and sales decision of firms in the same direction.
To account for the foreign affiliate activities of firms in the destination of service exports, I apply different measurements. I test the dummy variables whether a firm has a manufacturing or distribution affiliate in the country, the number of the respective affiliates, and the volume of affiliate sales in the destination. These measures are highly positively correlated and should have a positive impact on service exports, in particular, for headquarter services. In the regressions presented below, I apply the manufacturing and distribution affiliate sales of a firm in a country (Manuf. Affil. Sales and Distrib. Affil. Sales) because these contain the most information about the volume of affiliate activities of firms.
The evidence shown so far suggests that only a small part of service exports are potentially provided as headquarter services to foreign affiliates. As described above, one important explanation to observe service exports of manufacturers might be that firms sell services as complements to exported goods. This is likely particularly important for construction and engineering service exports of German machinery producers.
Unfortunately, I am not able to combine the service trade data with information about goods trade activities of German manufacturers at the firm level. Instead, I use the volume of goods exports of a particular industry to a particular country as a proxy at the industry-country level (Goods Exports). I apply 8-digit goods trade data from Eurostat (2009) and aggregate it to match the 2-digit Nace-rev. 1 categories of German manufacturing industries. Then, I assign this data to the respective industry-country observations. Thus, I assume that, for instance, automobiles or automobile parts are only exported by the automobile industry. Of course, this industry level measurement is only a rough proxy for goods exports of the individual firm. Its quality depends, among other things, on how much the service exporters in the sample really contribute to the goods exports of their industries. However, the descriptive facts shown above make me optimistic that these firms indeed belong to the large goods exporters in their industries, because the firms show international activities for a very large number of countries and service categories. Whenever Goods Exports show a significant positive sign, this provides potential evidence for a complementary relationship of service, and goods exports. However, this evidence would be only weak. Yielding stronger evidence requires the use of both goods and services export data at the firm level.
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In addition to goods exports, I account also for the imports of goods. I apply the same method as for goods exports to goods imports data from Eurostat (2009) to control for the effect of Goods Imports at the industry-country level. This measure may represent, at least partially, intra-industry imports of intermediate inputs. This variable might be useful to control for further driving forces of service exports of firms beyond the idea of headquarter and complementary services.
Furthermore, the descriptive analysis suggested that firm heterogeneity plays an important role in describing the observed service export pattern. Table 4 displays that MNEs show on average larger service export activities than non-MNEs. Furthermore, I found that service exports of firms might be positively related to the number of foreign affiliates of firms. To account for these facts, I include a dummy for the MNE-status (Manufacturing MNE ) of a firm and the number of its manufacturing affiliates (Numb. of Manuf. Affil.). Both reflect the firm's size and, most likely, its productivity. I expect both variables to have positive signs.
Beyond these two measurements of firm heterogeneity, I take into account whether or not a firm is also a Service Importer. I find that about 75% of firms are also service importers in the investigated sample. Kelle and Kleinert (2010) find that there might be a positive relationship between service exports and import activities of a firm. Furthermore, the literature emphasizes that importing firms are, on average, significantly more productive than not importing firms. For instance, Breinlich and Criscuolo (2011) find this effect also for services imports. Thus, taking the importstatus of firms into account might be a further relevant control for heterogeneity of firms for both their services and goods exports performance. Consequently, I expect a positive sign of the dummy variable Service Importer. Finally, I include a dummy that indicates whether a firm belongs to a foreign owner or not (Foreign MNE ). Firms that are foreign-owned are often found to show, ceteris paribus, larger trade activities (e.g., Breinlich and Criscuolo, 2011) .
A further important group of control variables are country variables. I add usual gravity variables like GDP, GDP per capita, geographical distance, and a border dummy to control for country determinants of the firms' behavior.
27 These are found to be important for the service export decision of service firms in the literature, for instance, by Kelle et al. (2012) . I expect a positive sign for both GDP and GDP per cap, because a larger market and a higher income level are used to foster trade, and a negative one for Distance, because trade becomes more costly with a larger distance. Consequently, I expect a positive sign for the Border dummy.
Furthermore, I control for the industry of a firm with an industry dummy at the 2-digit level, because the stylized facts show that export activities of firms vary strongly across industries. In the intensive margin analysis, I include also dummies for the type of service exported in the regression for the entire sample to take into account that the volume of exports per observation may vary across services. To sum up the described estimation approach, you can formalize the estimation equation for the intensive margin in the following way:
The export sales of firm i in industry j of service k in country l are explained by the foreign affiliate sales of firm i of industry j in country l, the goods trade of products by industry j with country l, characteristics of firms i and country l. The estimation equation for the probit regression is quite similar. Only the dimension for the types of services exported needs to be dropped and the sales variable on the left-hand side needs to be replaced with the discrete choice variable.
Because the country variables are not available for all countries, I can make use of 172,067 observations in 116 countries in the probit regression. 10,573 observations, or nearly 6% of total observations, show service exports; for these, the discrete choice variable is equal to one. The sample for the OLS regression of the intensive margin contains 14,672 observations of export sales of firms. I account for clusters of both countries and firms in the data in the probit regression. Those clusters can lead to a downward bias of standard errors of the estimated coefficients (e.g., Wooldridge, 2003) . Standard errors of the coefficients in the OLS regressions are adjusted for clusters of firms. Clusters of countries are less important here.
To account for the presumingly large heterogeneity of the firm's activities, I also split up the samples and analyze different types of services for different industries separately. This reduces the number of observations in the respective regressions. To examine potential headquarter services, I run separate regressions for data processing, advertising, management, and R&D services exports. These should show a strong positive relationship with the foreign affiliate activities of firms when they are indeed exported to support an affiliate of a firm. Following the hypotheses in the previous section, R&D services should show in particular a positive relationship with manufacturing affiliates sales whereas advertising services might be particularly affected by distribution affiliates. Data processing services should show a strong positive relationship with both types of affiliates. Furthermore, I explicitly focus on the installation, maintenance, and technical support services provided by the two machinery sectors and run regressions for the construction and engineering services exports of these two industries. For these observations, I expect a particular strong positive relationship of services exports with exported goods. Tables 7 and 8 show the regression results. For every subsample, I first present the results for the probit regression of the export entry decision of firms and then I show the OLS regression for the intensive margin of service sales. The explanatory variables are listed on the left-hand side of the tables.
Regression Results
Columns one and two of Table 7 present the results for the entire sample of firms and services. The results for the export market entry decision show that many factors have potentially an impact on the service export behavior of firms (column one). Both affiliate sales variables, Manuf. Affil. Sales and Distrib. Affil. Sales, have a positive and significant coefficient with nearly the same size. In addition, Goods Exports and Goods Imports show a significant positive coefficient, which is nearly 5 times larger for goods exports. The firm level variables all have a positive and significant coefficient, except for the dummy for foreign-owned firms (Foreign MNE ). Regarding the country variables, for the GDP and the GDP per capita of destination countries, I find a significant positive impact.
The results for the intensive margin generally support these results (column two).
However, less variables show a significant coefficient, as expected. Again, both the manufacturing and distribution affiliate sales of firms have a positive and significant relationship with service exports. The same can be found for Goods Exports of industries. Goods Imports instead show no significant coefficient and even a negative sign. Of the firm variables, the Service Importer dummy and the number of manufacturing affiliates of firms (No. of Manuf. Affil.) still have a positive and significant coefficient. Furthermore, the dummy for foreign-owned firms has here a significant impact, whereas the dummy for being a manufacturing multinational (Manufact. MNE ) does not. Altogether, the results are in line with the expectations. Many variables have a significant impact, which underlines that many different drivers for the service export activities of firms might generally exist. In the following, these are more deeply analyzed for different types of services. In particular, I point out how the export of the different types of services is related to the foreign affiliates of firms and goods trade of the industries.
The next results presented in Table 7 are for data processing services exports (columns three and four). The descriptive facts shown above suggest that these services often aim to support both manufacturing and distribution affiliates of firms. This idea is supported by the regression results. The probit regression shows a positive and significant coefficient for both the Manuf. Affil. Sales and Distrib. Affil. Sales (column three). Furthermore, Goods Exports also have a significant positive impact. In the estimation of the intensive margin of exports (column four), I find only the foreign affiliate sales of firms in the destination having a significant coefficient. Most of the other variables show no significant impact. This underlines that data processing services may primarily aim at supporting both the production and distribution of products through foreign affiliates of firms.
Columns five and six show the results for advertising services. In the probit analysis (column five), Distrib. Affil. Sales and Goods Exports show a positive significant coefficient whereas Manuf. Affil. Sales and Goods Imports do not have a significant impact. This supports the idea that these services mainly aim at supporting distribution of goods. These could be distributed through foreign affiliates or cross-border exports of goods. However, the intensive margin estimation only gives support for a positive relationship between advertising service sales and distribution affiliates (column six). Here, only the two affiliate sales variables have a significant coefficient.
Columns seven and eight present the results for management services. The observable pattern is, as expected, less clear. The probit regression shows positive and significant coefficients for all affiliate sales and goods trade variables. In the OLS regression, however, only Manuf. Affil. Sales show a significant positive relationship with management service export sales. Furthermore, the variable Foreign MNE has a significant coefficient. Thus, export sales are significantly larger for foreign-owned firms. Altogether, management services might represent partially headquarter support to production affiliates of firms. However, the general task of these services in All regressions include dummies for industry of the firm and service category whenever possible.
Z-values in brackets are adjusted for clusters at the firm level and country level in probit and at firm level in OLS. **, * significantly different from 0 at 1% level and 5%, respectively.
the business of firms remains unclear. Table 8 displays the results for further subsamples. In columns one and two, you can see the results of the probit and OLS regressions for R&D services. R&D services show in export market entry analysis, as well as management services, a significant positive relationship with Manuf. Affil. Sales, Distrib. Affil. Sales, Goods Exports and Goods Imports. Turning to the intensive margin instead in column two, only Manuf. Affil. Sales and Goods Imports keep their significant coefficient. This result has two major implications. First, it supports the notion that R&D service exports often serve to transfer knowledge from headquarters of firms to their foreign production facilities. This knowledge could concern both production procedures as well as product designs. Second, this shows that there might be a positive relationship between imports of goods and R&D service exports. As already stated above, the applied measurement of goods imports includes, at least partly, the import of intermediate goods. Thus, one possible explanation for a positive relationship of R&D exports and intra-industry goods imports might be that firms provide information to foreign producers of intermediate goods. These could be both foreign affiliates of firms or third-party suppliers.
The results for R&D service exports of automobile firms (columns three and four) support the idea that R&D service exports might be positively related with goods imports. Automobile firms account only for a small number of observations of R&D exports. However, they are responsible for more than 50% of the total volume of foreign cross-border R&D service sales of manufacturing firms. The results of the probit regression are quite similar to the entire sample of R&D service exporting firms. Manuf. Affil. Sales, Goods Exports and Goods Imports have significant and positive coefficients.
28 In the OLS regression, however, only goods imports still have a significant coefficient. This underlines the fact that goods imports might be a driving force for R&D exports, in particular, for automobile firms. Whether this is driven by relationships of firms with foreign suppliers of intermediate product inputs might be an interesting question for future research. However, this is cannot be analyzed precisely here.
Furthermore, Table 8 presents evidence for the construction service exports of machinery firms (columns five and six). These firms are both from the machinery and equipment and electric machinery industries. The results support the notion that these construction services mainly represent installation or assembly services provided as complements to exported machinery. The probit regression shows a significant and positive coefficient of Distrib. Affil. Sales and Goods Exports. This suggestes that these service exports might indeed be closely related to machinery sold abroad through either cross-border or foreign affiliate sales. However, only Goods All regressions include dummies for industry of the firm and service category whenever possible.
Exports keep a significant coefficient in the estimation of the intensive margin. The coefficient is three times larger than for the entire sample. When machinery exports to a foreign country increase by 10%, construction service exports of machinery firms are, on average, nearly 4% larger. Thus, machinery exports and installation service activities of firms are obvioulsy closely linked.
The columns seven and eight show the results for engineering service exports of machinery firms. The pattern of determining variables is very similar to the results for construction services. This indicates that these services might also be complements to exported machinery. In the probit regression, Manuf. Affil. Sales and Goods Exports show a significant coefficient whereas again, only Goods Exports show a significant positive relationship with the volume of service export sales. This supports the idea that these engineering service exports could be, at least partially, maintenance services or other technical support provided to foreign buyers of machinery. However, as in the case of construction services, to analyze the role of complementary services more deeply, it is necessary to account for both services and goods trade data at the firm level, which is unfortunately thus far not possible for Germany.
Finally, there are some more general facts that appear in the presented results. In most regressions, the firm variables Service Importer and No. of Manuf. Affil. have a highly significant and positive coefficient. This shows, on the one side, that larger and presumingly more productive firms have larger service export activities. Whether there is a causal relationship between firms' service expertise and their performance in international product markets is an interesting question for future research. Furthermore, country variables are found to be important controls for firms' activities. Generally, firms show larger service export activities in countries with a high GDP and GDP per capita. This supports the general notion that service trade is mainly happening between high income countries. Geographical distance seems to be less important, which suggests that the distance costs to provide services are relatively small for manufacturers. One exception is construction services. In Table 8 , column five, Distance has a significant negative coefficient. This is an intuitive result because these services likely rely primarily on mode four supply of services, which means that the services providers needs to travel to the foreign country to supply a service. These travelling costs are likely to increase with geographical distance.
Conclusions
The present paper analyzed service export activities of German manufacturers at the firm level with data from the Balance of Payments Statistics provided by the Deutsche Bundesbank. Service exports of German manufacturers strongly increased in the first decade of this century. Manufacturers accounted for roughly 25% of cross-border producer service exports of German firms in 2005. However, service exports of manufacturing firms have hardly been analyzed thus far in the international trade literature.
For 2005, I have found that the most important services exported are construction, R&D, and engineering services. Service exports are dominated by a few high-tech industries, which include the machinery, automobile, chemistry, and other transport equipment producers. The types of services exported vary strongly across industries. Generally, only a few manufacturers export services. These often serve many countries and various types of services. Altogether, export sales of manufacturers are strongly dominated by a small number of large exporters.
The motives of firms to export services are manifold. Data processing, advertising, and R&D services likely represent, at least partially, headquarter services. Exports of these services show a strong positive relationship with foreign affiliates of firms. Advertising services likely aim at supporting rather the distribution of goods, whereas R&D services may be particularly important for foreign production activities of firms. Providing software to foreign affiliates to support the organization of different activities of affiliates could be important for both production and distribution facilities of firms. However, these headquarter services can explain at most only 20% of the observable service exports of manufacturers. Two further primary functions of services are more important in explaining the observation of service exports of manufacturers.
First, R&D service exports might represent more generally the need of firms to transfer knowledge, not only to foreign affiliates, but also to other trading partner firms. This idea is supported by observing frequently R&D exports when firms have no foreign affiliate in the destination. The recipients of the RD services could be, for instance, suppliers or buyers of intermediate products of firms. In the automobile industry, R&D services show a strong positive relationship with intra-industry imports. This suggests that firms might share informations about product designs with suppliers of intermediate inputs. Second, I find that service exports might also complement exported products. This is particularly important for German machinery firms. Both construction and engineering services exports have a strong positive relationship with machinery exports. This suggests that providing, for instance, installation, maintenance services, or other technical support, are important activities that complement the product supply of machinery producers. Unfortunately, both explanations rely only on presumptions in the present paper. A deeper analysis would require the combination of both services and goods trade data at the firm level, which thus far is not available for Germany.
Generally, there are further reasons, beyond the lack of firm-level goods trade data, as to why the results should be interpreted with caution. The descriptive nature of the analysis generally does not allow for strong causality statements. Furthermore, the BoPS data likely does not account for the entire volume of service exports of firms. On the one side, services that are provided as complements to products are often not billed separately and thus would, in this case, not appear in the data. On the other side, the data also likely neglect headquarter services, because these do only show up when there is a direct payment of the affiliate to the parent firm, which might often not be the case.
Nevertheless, some first lessons for the process of developing advices for future policies can be derived. First, the analysis shows that service trade barriers could, in general, hamper the international business of manufacturers in various ways. This makes reducing these barriers a potential source of future welfare growth. For instance, in the case of German machinery firms, barriers and costs for the temporary stay and working of engineers in foreign countries might hamper the supply of machinery in these markets (Horn and Shy, 1996) . Second, it is important to note that industries are likely affected by policy changes in different ways, because industries rely on different types of services. These, in turn, likely use different modes of service exports, which are important for the negotiations in the GATS. R&D exports might mainly represent mode one activities, which are stated to be relatively much liberalized. Installation and maintenance services, in turn, primarily rely on mode four trade, which is found to be most restricted in international services trade (e.g., Francois and Hoekman, 2010) . This underlines the fact that a more detailed understanding of service trade activities is necessary to obtain an idea of the benefits and costs of reducing barriers to services trade.
Future research should focus even more on specific industries, such as the machinery or automobile industries, to obtain more precise statements about the role of services in the business of manufacturers and relevant service trade barriers. An analysis that is guided by a more advanced theoretical model may facilitate the interpretation of the results. Country comparisons might help to understand whether my findings are specific for the German economy. For instance, Breinlich and Criscuolo (2011) find in a slightly larger set of services that manufacturers account only for about 10% of services exports and imports in the UK. Beyond this, an international comparison could help to determine in a next step whether the service expertise of German firms might be one partial explanation for the high competitiveness of German manufacturers in international markets. Bundesbank (2009) 
